Within the context of flux tube models, heavy quark fragmentation takes place through the breaking of flux tubes with the production of a (di)quarkanti(di)quark pair. It is found that the (di)quark produced are more likely to be found in an L z = 0 state. This naturally leads to an supression of the polarization distribution parameters w 3/2 andw 1 for (D 1 , D * 2 ) and (Λ c1 , Λ * c1 ) production respectively. The corresponding parameter w 1 for (Σ c , Σ * c ) production, however, is not suppressed, in agreement with the CLEO results but not the DELPHI one. Implications on the measurements of Λ Q polarizations are discussed.
is also unphysical; restricting to the physical region 0 ≤ w 1 ≤ 1 again gives w 1 ∼ 0) [9, 10] while the CLEO result is consistent with an isotropic polarization (w 1 = 0.71 ± 0.13 while an isotropic distribution gives w 1 = 2 3
) [11] .
Intuitively the helicity of the light degrees of freedom can be viewed as the sum of two different contributions. One is the spin of the "brown muck" S, which is 0 for Λ type baryons, 1 2 for mesons and 1 for Σ type baryons. Then this "brown muck" may orbit around the heavy quark with orbital angular momentum L, giving an additional contribution to the helicity. We will see that, if heavy quark fragmentation can be understood as breaking of color flux tubes as suggested by the Lund models [12] , the Artru-Mennessier model [13] and the UCLA model [14] , then the orbital angular momentum naturally prefers a transverse polarization, explaining the smallness of w 3/2 and predicts a smallw 1 ; w 1 , on the other hand, is not required to be small, i.e., the CLEO numbers are prefered.
Due to the non-abelian nature of QCD, the color field is expected to be confined into tube-like regions (flux tubes) by the tri-gluon coupling. The flux tubes have constant tension and ends at colored objects like quarks or diquarks. Such a picture is supported by Regge phenomenology, quarkonium spectroscopy, bag models and lattice QCD calculations.
For concreteness, let's study the process Z 0 → cc and the subsequent fragmentation and hadronization. Just after the Z 0 decay, both quarks are in general very off-shell and will fragment by the emission of hard gluons, which is governed by perturbative QCD. Eventually such gluon bremsstrahlung will bring the off-shell energy down to Λ QCD scale, and non-perturbative QCD will be important. This is when the flux tube model become a reasonable description of the dynamics. In a coordinate system in which the c quark travel along the positive z-axis in the cc center of mass frame (Z 0 rest frame if the momenta carried away by the hard gluons are negligible), there will be a flux tube lying along the z-axis joining the two quarks. The flux tube will be characterized by a constant linear energy density (tension) κ ∼ 0.2(GeV) 2 , which leads to a linear potential between the quarks. For a long flux tube, it will be energetically favorable to break the flux tube by the production of a quark-antiquark pair (or a diquark-antidiquark pair) to shorten the flux tube and hence reduce the energy stored in the flux tube. This is the QCD analog of pair creation in a strong electric field and is completely non-perturbative in nature.
If we ignored the finite thickness of the flux tube, the pair-created quark-antiquark pair will be produced right on the z-axis, where the flux tube is. Moreover, due to the tension of the flux tube, the antiquark will be linked by the flux tube to the c quark and move towards the c quark, i.e., along the positive z direction. In general there will also be transverse momenta, which has a gaussian distribution centered at zero, but let us ignore that for a moment. Then all colored objects (quarks and flux tubes) are on the z-axis, and the system has a rotational symmetry about the z-axis. As a result, the z-component of the orbital angular momentum L z is conserved. Since the system starts out with vanishing L z (nothing is orbiting), the final hadron must have L z = 0. Notice that L 2 of the final hadron is not necessarily equal to zero, as the system does not have a spherical symmetry and hence L 2 is not conserved.
An alternative way of seeing the same result is to consider the wave function of the antiquark in the relative momentum space 2 . Since the light antiquark is moving towards to c quark, it means that the relative momentum p of the light antiquark with respect to the c quark is in the positive z direction. In other words, the wave function of the antiquark in the momentum space is a wave packet peaked at some point p 0 on the positive z axis.
We do not know the exact shape of the wave function, but the rotational symmetry about the z axis mandates that the wave function can depend only on p z and p 2 x + p 2 y , but not the azimuthal angle θ. As a result, the expectation value of L z = i∂ θ vanishes. Notice that our argument holds even if the spread of the wave function is large with respect to | p 0 | and the wave function is non-vanishing even for points off the z-axis. As long as the wave function is azimuthally symmetric, L z has to vanish. Hence we see that L z in heavy meson production vanishes if transverse momenta are negligible. The polarization of the intrinsic spin of the antiquark S, on the other hand, is not constrained in any way as long as it is cancelled by that of the quark produced at the same time. Since the flux tube models do not have a preference over the orientation of S, we naturally assume it to be isotropic. The total helicity of the light degrees of freedom, then, is the sum of of L, under the constraint L z = 0, and S, with an isotropic distribution.
For a heavy meson with orbital angular momentum L 2 , the possible helicity states for the light degrees of freedom range over
. By the conservation of parity, the probability of finding the light degrees of freedom with helicity j is the same as that with helicity −j. We will define W j the probability of finding the light degrees of freedom with helicity either j or −j. The sum of all these probabilities equals to unity, i.e., W j = 1. In particular, for L = 1, W 3/2 = w 3/2 defined in Ref. [1] , and (1 + 4w 1 ) + B 9
(1 + 4w 1 ) 1 + A + B .
The first, second and third terms in both the numerator and the denominator correspond to Λ Q produced directly, from (Σ Q , Σ * Q ) decays and and from (Λ c1 , Λ * c1 ) decays respectively.
